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Abstract
The thesis entitled "Asymmetric Synthesis of Bioactive Molecules and Formation of C-C, C-N, C-Br, S-O Bonds by Transition Metal Catalysis" is divided into four chapters. The title of the thesis clearly reflects the objective, which is to synthesize enantiomerically pure bioactive molecules and to interface synthetic organic chemistry for the development of synthetic methodologies. Chapter 1 describes the asymmetric synthesis of (R)-baclofen [g-amino-b-(4-chlorophenyl)butyric acid, (9)], a novel GABAB receptor agonist. The stereogenic center in the molecule is introduced both by the OsO4-catalyzed asymmetric dihydroxylation (AD) of the corresponding olefinic ester 1 and by the asymmetric reduction of b-keto ester 11 using (S)-BINAP-Ru (II) complex. Chapter 2 deals with the asymmetric synthesis of three b-adrenergic blockers (S)-propranolol (12a), (S)-moprolol (12b), (S)-toliprolol (12c) by OsO4-catalyzed AD reaction via its cyclic sulfate. Chapter 3 presents the asymmetric synthesis of a-aryl propionic acids such as (S)-phenylpropionic acid (22a), (S)-ibuprofen (22b) and (S)-naproxen (22c) via kinetic resolution of secondary alcohols using palladium catalyst. This chapter also presents the synthesis of some novel sulfur and nitrogen palladacycles and their application in arylation reactions. Chapter 4 deals with the use of transition metals for some important organic transformations such as asymmetric sulfoxidation, kinetic resolution of racemic sulfoxides and bromoamination of olefins. It also presents NBS-catalyzed aziridination of olefins. CHAPTER 1 Enantioselective Synthesis of (R)-Baclofen, a Novel GABAB Receptor Agonist via Asymmetric Dihydroxylation and Asymmetric Hydrogenation g-Aminobutyric acids (GABA) are important neurotransmitters used in the treatment of epilepsy. Their deficiency is associated with diseases that exhibit neuromuscular dysfunctions such as epilepsy, Huntington and Parkinson's diseases.1 (R)-Baclofen (9) is one such neurotransmitter, the enantioselective synthesis of which is presented in this chapter. (a) Asymmetric Dihydroxylation (AD) Approach: OsO4-catalyzed asymmetric dihydroxylation (AD) of olefins is one of the most important and practical reactions to yield vicinal 1,2 cis-diols with high degree of optical purity and excellent yields.2 The reaction is insensitive to oxygen, easy to perform and carried out in water-tBuOH mixture at room temperature. Cinchona alkaloids such as dihydroquinine, dihydroquinidine and their derivatives are used as chiral ligands in AD reactions to induce chirality in the resulting diols. This chapter presents the enantioselective synthesis of (R)-baclofen (9) using asymmetric dihydroxylation (AD) (Scheme 1) and asymmetric hydrogenation (Scheme 2) as key reactions to introduce stereogenic center in the molecule. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a54_figureNO19.jpg" \t "_blank​) 
Reformatsky reaction of 4-chlorobenzaldehyde with ethyl bromoacetate followed by dehydration gave the corresponding a,b-unsaturated ester 1 in an overall yield of 85%. AD reaction of 1 using cat. OsO4 and (DHQ)2-PHAL [hydroquinine 1,4-phthalazinediyl diether] as chiral ligand gave chiral diol 2 in 94% yield and 95 % ee. Diol 2 was converted to cyclic sulfite 3 followed by its conversion to bromoalcohol 4 in a three-step procedure with 65% overall yield. The bromoalcohol 4 was subjected to selective C-Br reduction with Bu3SnH without affecting aryl C-Cl function to afford b-hydroxy alcohol 5 in 75% yield. The bromoester 6, obtained by the bromination of 5 with PBr3, was subjected to displacement with NaCN in DMF to afford the nitrile 7 in 88% yield. Chemoselective reduction of b-cyanoester 7 was carried out by using either NaBH4, NiCl2.6H2O or PtO2 and H2 (40 psi) to give the lactam 8 which was hydrolyzed with 6N HCl to afford (R)-baclofen (9) in 78% yield and 85% ee. b) Asymmetric Hydrogenation (AH) Approach: Asymmetric reduction of b-ketoesters using BINAP [2,2'-bis(diphenylphosphino)-1,1'-binaphthyl]-Ru (II) complexes3 is a well-known method for the preparation of optically active b-hydroxy esters because of high yields, clean reaction procedures and excellent optical purity. High efficiency of chiral multiplication (a substrate to catalyst mol ratio > 1000) makes this method much more impressive and practical. Since the optical purity of (R)-baclofen (9) obtained by AD route was only moderate (85% ee), it was of interest to provide an alternative synthesis by AH route. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a54_figureNO20.jpg" \t "_blank​) 
Scheme 2 describes the enantioselective synthesis of (R)-baclofen (9) via the asymmetric reduction of b-ketoester 11, using (S)-BINAP-Ru (II) complex as catalyst. b-Ketoester 11 was synthesized in two steps starting from 4-chlorobenzaldehyde. Asymmetric hydrogenation of b-ketoester 11 was carried out using Noyori's catalyst [(S)-BINAP-Ru-(II)] under H2 (400 psi) pressure to afford b-hydroxy ester 5 in 95% yield and 96% ee. The transformation of b-hydroxy ester 5 into (R)-baclofen (9) {[a]D= - 1.81 (c 0.6, H2O), 91% ee} was achieved by essentially following the sequence of reactions as shown in Scheme 1. 
CHAPTER 2 Asymmetric Synthesis of (S)-Propranolol, (S)-Moprolol and (S)-Toliprolol via OsO4- Catalyzed Asymmetric Dihydroxylation b-Adrenergic blocking agents (b-blockers) are important drugs widely used for the treatment of hypertension and angina pectoris.4 Blocking of b-receptor system reduces the overall activity of the sympathetic nervous system. b-Blockers are thus used to increase life expectancy after the occurrence of the heart attack. Although (S)-isomers are known to be much more effective (50-500 fold) than the (R)-isomers,5 these antihypertensive drugs are sold as racemic mixtures. To avoid unnecessary stress or in some cases toxicity to an organism caused by the (R)-isomers, the administration of optically pure (S)-isomers is desirable. This chapter describes the asymmetric synthesis of three b-adrenergic blockers, (S)-propranolol (12a), (S)-moprolol (12b) and (S)-toliprolol (12c). 
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O-Allylation of phenols 13a-c gave O-allyl ethers 14a-c, which were subjected to AD in presence of (DHQD)2-PHAL [hydroquinidine 1,4-phthalazinediyl diether] as chiral ligand to yield chiral diols 15a-c. The diols 15a-c were converted to cyclic sulfates 16a-c in a two step sequence. As nucleophilic opening of cyclic sulfates with amines have resulted in lower yields, the cyclic sulfates 16a-c were further transformed to the corresponding epoxides 17a-c in three steps. The regiospecific opening of epoxides 17a-c by isopropyl amine gave the corresponding drugs 12a-c in high yields and moderate optical purity (Scheme 3) 
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CHAPTER 3 Applications of Pd (II) Complexes in Synthesis of (S)-a-Aryl Propionic Acids and C-C Bond Formation SECTION I: Asymmetric Synthesis of (S)- a-Aryl propionic Acids via Pd-Catalyzed Kinetic Resolution of Secondary Alcohols 
Enantioselective synthesis has produced a strong impact on pharmaceutical and agricultural industry, where efficiency of a chiral biological agent often depends upon the enantiomer administered. For example, (S)-naproxen [(S)-2-(6-methoxy-2-naphthyl) propionic acid] (22c), one of the most potent non-steroidal anti-inflammatory drugs, is about 28 times more active than its (R)-isomer. Recently, Pd-catalyzed oxidative kinetic resolution of secondary alcohols has been reported using molecular oxygen as the terminal oxidant in conjunction with the naturally occurring diamine ligands such as (-)-sparteine.6 
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Secondary aryl alcohols 18a-c were subjected to palladium catalyzed kinetic resolution using (-)-sparteine as chiral auxiliary to give enantiomerically pure alcohols 19a-c along with the corresponding ketones. Subsequently, chiral alcohols 19a-c were converted to the corresponding bromides 20a-c with complete inversion of configuration using PBr3.7 The nucleophilic displacement of bromides 20a-c with NaCN gave the corresponding cyano compounds 21a-c with desired stereochemistry. Finally, acid hydrolysis of cyano compounds 21a-c afforded the corresponding (S)-aryl propionic acids 22a-c in excellent optical purity (82-92% ee). SECTION II: Synthesis of Novel Sulfur and Nitrogen Palladacycles and Their Applications in Arylation Reactions 
Palladacycles are among the most active catalyst precursors reported to date for Heck reaction.8 These highly active and thermally stable catalysts allow Heck reactions to be performed with activated as well as non-activated aryl halides using very low catalyst concentration. This section describes the synthesis of novel air, water and thermally stable sulfur 23 and nitrogen 24 palladacycles respectively (Scheme 5 and 6). 
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Both palladacycles 23 and 24 showed a remarkable activity towards Heck reaction of aryl halides 25 with various olefins to give corresponding b-substituted olefins 26 in excellent yields (upto 99%) and high turn over number (TON upto 6,21,000) (Scheme 7) 
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CHAPTER 4 Transition Metal Catalyzed S-O, C-N, C-Br Bond Formation and NBS-Catalyzed Aziridination of Olefins SECTION I: This section is divided into two sub-sections as given bellow. A) Tungsten Catalyzed Asymmetric Sulfoxidation of Aryl Alkyl Sulfides using Chiral Cinchona Alkaloids Chiral sulfoxides have been extensively used as building blocks and source for chiral auxiliaries in various asymmetric synthesis of biologically active compounds.9 Asymmetric sulfoxidation is the most effective route to make enantiomerically pure sulfoxides There are various methods known in the literature for asymmetric oxidation of sulfides using transition metal catalysts.10 This section describes tungsten-catalyzed asymmetric oxidation of aryl alkyl sulfides 27 using cinchona alkaloids as chiral ligands and 30% aqueous H2O2 as oxidant to give optically active sulfoxides 28 in moderate to good enantiomeric excess (upto 55%) and excellent yields (upto 90%) (Scheme 8). Among the various ligands screened such as (-)-quinine, (-)-sparteine, DHQ-CLB, (DHQD)2-PYR, (DHQD)2-PHAL, (-)-menthol, etc. (-)-quinine and (DHQD)2-PYR gave the best enantiomeric excess. 
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B) Tungsten Catalyzed Kinetic Resolution of (?)-Sulfoxides Kinetic resolution of sulfoxides is one of the most important transformations in organic synthesis. There are only few examples of procedures based on the kinetic resolution of racemic sulfoxides known in the literature which involve the employment of titanium (IV)-binaphthol complex11 and manganese(III)-salen complex as catalysts.12 This section deals with the kinetic resolution of racemic sulfoxides 29 using WO3 as catalyst and chiral cinchona alkaloids such as (-)-quinine and (DHQD)2-PYR as ligands in conjunction with 30% aqueous H2O2 as oxidant (Scheme 9). 
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SECTION II: Cu and Mn-Catalyzed Bromoamination of Olefins 
The functionalization of olefins by addition of the two different functional groups in a single step is an important transformation (for e.g. aminohydroxylation, halohydration, haloazidation, haloamination, etc.). Among all these, haloamination is one of the most useful reactions13 as the halogens can be replaced by a variety of nucleophiles such as N3, CN, OAc, OMe, NHR, SR, etc. thereby providing a new class of functionalized reactive intermediates in organic synthesis. This section describes regiospecific and stereoselective bromoamination of olefins 30 catalyzed by Cu (I and II) and Mn (II) salts using NBS (N-bromosuccinimide) as the bromine source and p-toluene sulfonamide as the nitrogen source (Scheme 10 
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Bromoamination of various a,b-unsaturated (32, R= CO2Et, COPh, etc.) compounds were also carried out using Cu or Mn-catalysts in good to excellent yields (60-88%) in highly regiospecific and stereoselective manner (Scheme 11). 
SECTION III: NBS-Catalyzed Aziridination of Olefins Using Chloramine-T as Nitrogen Source 
Because of their highly regio- and stereoselective ring opening reactions, aziridines are valued as building blocks for the synthesis of wide range of nitrogen-containing compounds.14 Several groups have developed transition metal-catalyzed aziridinations based on PhI=NTs as the nitrogen source.15 This section deals with the use of NBS or N-bromoacetamide as catalysts for aziridination of olefins 34 including a,b-unsaturated compounds, using Chloramine-T (35) as the nitrogen source to yield trans-aziridines 36 in 50-88% yields (Scheme 12

